Abstract. The genetic background of hepatocellular carcinoma (HCC) has yet to be completely understood. Here, we describe the application of suppression subtractive hybridization (SSH) coupled with cDNA microarray analysis for the isolation and identification of differential expression of genes in HCC. Twenty-six known genes were validated as up-regulated and 19 known genes as down-regulated in HCC. The known genes identified were found to have diverse functions. In addition to the overexpression of AFP, these genes (increased in the presence of HCC) are involved in many processes, such as transcription and protein biosynthesis (HNRPDL, PABPC1, POLR2K, SRP9, SNRPA, and six ribosomal protein genes including RPL8, RPL14, RPL41, RPS5, RPS17, RPS24), the metabolism of lipids and proteins (FADS1, ApoA-II, ApoM, FTL), cell proliferation (Syndecan-2, and Annexin A2), and signal transduction (LRRC28 and FMR1). Additionally, a glutathione-binding protein involved in the detoxification of methylglyoxal known as GLO1 and an enzyme which increases the formation of prostaglandin E(2) known as PLA2G10 were up-regulated in HCC. Among the underexpressed genes discovered in HCC, most were responsible for liver-synthesized proteins (fibrinogen, complement species, amyloid, albumin, haptoglobin, hemopexin and orosomucoid).
Introduction
Hepatocellular carcinoma (HCC) is a common and highly malignant tumor prevalent in Saharan African and Southeast Asian populations (1) . Development of most HCCs results from a multi-step process of carcinogenesis involving expression changes in numerous genes. Many studies have been conducted screening tumor-associated genes in HCC. The results show that changes in the expressed genes, obtained through the same or different methods, were heterogeneous (2, 3) . However, a comprehensive picture of HCC-specific gene expression has not as yet been outlined. It is essential to identify the undiscovered and unknown expressed genes of HCC to understand its molecular pathogenesis and develop diagnostic markers and new potential therapeutic targets.
Several methods, such as differential display (4) , expressed sequence tag analysis (5) , suppressive PCR (6) , serial analysis of gene expression (7) and microarray (8) , have been reported for the detection of differentially expressed genes in tumorous tissues as compared with corresponding nontumorous tissues. The technique of suppressive subtractive hybridization (SSH) is believed to generate an equalized representation of differentially expressed genes, irrespective ONCOLOGY REPORTS 18: 943-951, 2007 943 Identification of differential expression of genes in hepatocellular carcinoma by suppression subtractive hybridization combined cDNA microarray of the relative abundance of the two transcriptomes, and provides a high enrichment of differentially expressed mRNAs (9) . The validity of SSH sequences can be confirmed utilizing the high throughput method of microarray hybridization. SSH and microarray have already been successfully used together for studying gene expression profiles in various systems (10, 11) . This study describes the application of SSH combined with microarray techniques to identify the differentially expressed genes associated with HCC. In the case of some differential genes, real-time PCR technique was used to validate the difference between cancerous and corresponding non-cancerous tissues. We had to be highly selective in the sourcing of our sample and therefore, owing to the fact that most HCCs develop from liver cirrhosis (12, 13) , obtained it from a patient with liver cirrhosis and hepatitis B.
Materials and methods
Tissue preparation. HCC samples were collected through collaboration with a local hospital. The samples used for SSH were from a 56-year-old male patient with hepatitis B and liver cirrhosis. The tumor was 5 cm in diameter, with multinodules and moderate differentiation. The samples consisted of two sections, including cancer and liver tissue that was at least 3 cm distal from the lesion. All tissues were verified by histological examination. Sample collections were obtained with informed consent, then immediately placed in liquid nitrogen and stored at -80˚C until use.
Isolation of total-RNA and mRNA. Total-RNA was extracted according to standard TRIzol RNA isolation protocol (Life Technologies, Inc., Grand Island, NY). The poly(A)+ mRNA was isolated from the total-RNA using a poly (dT) resin (Qiagen, Hilden, Germany) as per the recommended guidelines. Denaturalization agar gel with formaldehyde and an ultraviolet spectrophotometer were used to detect the quality of the RNA.
Suppressive subtractive hybridization. Poly(A)+ mRNA from cancer tissues was used as the 'tester' while poly(A)+ mRNA from non-cancer tissues served as the 'driver' (forward SSH library). Conversely, poly(A)+ mRNAs from cancer tissues and control non-cancer tissues were also used as driver and tester samples, respectively (reverse SSH library). Differentially expressed cDNAs were present in the tester cDNA, but were either absent or present in only very low levels in the driver cDNAs. Construction of the forward and reverse libraries was performed according to SSH procedure using a PCR-select cDNA subtraction kit (Clontech, Palo Alto, CA).
Equal amounts of poly(A)+ mRNA from each of the tester and driver populations were converted to double-stranded cDNA by reverse transcription, followed by digestion with RsaI to produce shorter blunt-ended fragments. The digested tester cDNA was subdivided into two populations, each of which was ligated with a different adaptor from those provided in the cDNA subtraction kit (Clontech). Ligation efficiency was evaluated by PCR using primers specific to G3PDH mRNA and to the adaptor sequences. Following ligation, two hybridization steps were performed. For the first hybridization, an excess of driver was added to each tester, denatured, and allowed to anneal. The target sequences in the tester were then significantly prepared for identification of differentially expressed genes. In the second hybridization step, the two reaction products from the first hybridization were mixed with each other and with fresh denatured driver cDNA. The populations of normalized and subtracted single-stranded target cDNAs annealed with each other, forming double-stranded hybrids with different adaptor sequences at their 5' ends. The adaptor ends were then filled with DNA polymerase and the subtracted molecules were specifically amplified by 'nested PCR' using adaptor-specific primer pairs.
Construction of subtracted cDNA libraries. The subtracted target cDNAs (the second PCR products) were ligated with the pMD-18T plasmid vector using T4 DNA ligase and transformed into maximum efficiency Escherichia coli JM109 cells (Takara). The transformed bacteria were plated onto LB agar plates containing ampicillin, X-gal and IPTG, and were then incubated overnight at 37˚C. pMD-18T plasmid contains LacZ reporter and allows blue-white screening. Recombinant white colonies were randomly selected and cultured in LB broth containing ampicillin. Plasmid extraction was per- formed with the QIAwell 96-well plasmid purification system. The inserted fragments were amplified by PCR with adaptorspecific primer pairs. These amplified fragments were 150-1000 bp and were purified for the construction of the cDNA chip.
Construction of human cDNA chip, synthesis and hybridization of cDNA probes. A cDNA microarray chip containing cDNA spots representing 1306 SSH clones was constructed. Briefly, 576 forward SSH and 730 reverse SSH clone inserts were amplified by PCR using a primer pair corresponding to the nested adaptor sequences. The PCR products were visualized on 1.5% agarose gel to ensure the quality and quantity of amplification, and were then purified with multiscreen PCR plates (Millipore, Bedford, MA). The PCR products (25 ng/μl, OD 260 /OD 280 >1.7, single and significant strip) were printed on poly-L-lysine coated glass slides employing the OmniGrid 100 (GeneMachine), with triplicate reproduction per PCR product. Cotton(1), poly(A), DMSO, vector and cotton(2) were included as negative controls, while a total of 11 cDNAs of human housekeeping genes were included as positive controls. The control elements were spotted on each microarray of the two cDNA chips.
Total-RNAs from cancer and non-cancer tissue were extracted using standard TRIzol RNA isolation protocol (Life Technologies, Inc.) and purified using RNeasy . Scatterplot chart of duplicate spot intensities obtained from two independent cDNA array analyses. To eliminate the latent variance resulting from labeling efficiency, cy3 and cy5 dyes were used to label cDNA isolated from cancer and non-cancer tissue samples, respectively, in order to prepare the cDNA probes. Each dot represents a duplicate clone. The X coordinate value is the gene expression level (intensity value) in the test with the cDNA probe labeled as non-HCC-cy3 and HCC-cy5. The Y coordinate value is the other test with the cDNA probe labled as non-HCC-cy5 and HCC-cy3. The trend line shows the mean value of the duplicates. The reproducibility of the data obtained from the two chips was good (R 2 =0.8249).
Technologies, Shanghai, P.R. China). In order to prepare the cDNA probes, Cy3 and Cy5 dyes (Amersham, Piscataway, NJ) were used to label cDNA isolated from cancer and noncancer tissue samples, respectively. The two probes were purified (QIAquick Nucleotide Removal Kit) and later hybridized with the spotted array at 42˚C for 16 h. Images of the hybridized arrays were acquired through laser confocal scanning (Agilent, G2655AA).
Data analysis. Probe synthesis and hybridization to microarray were repeated twice. The intensities of Cy5 and Cy3 for each spot on the array were determined with Imagene software. The raw data obtained was thus normalized by GeneSpring before being subjected to further analysis. Normalization of the entire data set for both channels was based on subtraction of the local background, fluorescence from the fluorescence (intensity of each of the Cy5 and Cy3 spots) and on the elimination of spots within high background intensity of either dye. The spots that had a Cy5/Cy3 (HCC: non-HCC) ratio ≤0.5 or ≥2 and a signal/noise >2 we strongly believed to be significantly differential in expression according to the average value of replicate spots.
Sequencing and computer analysis of differential expression of cDNA clones. Some of the differential expressed clones were sequenced (Invitrogen Life Technologies) and analyzed with the Basic Local Alignment Search Tool (BLAST) for homology in the public sequence databases.
Validation of differential expression of genes by real-time RT-PCR.
The differential expression of selected genes was further validated by real-time PCR with SYBR green-based detection (ABI) using gene-specific primer pairs that were run on an ABI 7000 fluorescent sequence detection system (Perkin-Elmer, Foster City, CA). It is known that only the cDNA of each target gene can be the template, owing to the Table I . Sequence analysis of clones isolated from the forward subtracted library HCC cDNA. 
fact all the primer sequences span one or more introns by design (Gene Runner). The human housekeeping gene ß-actin was used as the control. Quantitative values were obtained from the cycle number (Ct value) at which the increase in fluorescent signal (associated with exponential growth of PCR products) starts to be picked up by the laser detector of the detection system. Results, expressed as N-fold differences in target gene expression between the HCC and non-HCC tissue and termed 'Ntarget', were determined using the formula: Ntarget = 2
ΔCtsample (while ΔCt sample = ΔCt HCC -ΔCt non-HCC ), where the ΔCt HCC and ΔCt non-HCC value of the sample was determined by subtracting the Ct value of the target gene from the average Ct value of the ß-actin gene.
Results
Isolation of total-RNA and mRNA. The purity and quality of the total-RNA and mRNA was detected using an ultraviolet spectrophotometer and gel electrophoresis. The ratio of OD 260 to OD 280 was beyond 1.8 and the total-RNA showed two strips of 28S and 18S. mRNA showed smear mainly between 0.5-12 kb (Fig. 1) .
Construction and identification of SSH library. cDNA clones of 672 and 864 were selected from the forward and the reverse subtract library, respectively. The inserted fragments obtained by PCR were mainly distributed between 150-1000 bp (Fig. 2) .
Construction of human cDNA chip and synthesis and hybridization of cDNA probe. The 672 and 864 PCR products from the forward and reverse subtract library were purified and identified, with 576 and 730 clones, respectively, qualifying for cDNA chip construction. The 1306 clones were used to prepare the cDNA chips. After hybridization, when the data had been acquired, up-regulated (expression ratio HCC/non-HCC >2.0) and down-regulated (expression ratio of HCC/non-HCC <0.5) differential expressed genes in HCC were screened (Fig. 3) . The results from the replicated experiments were almost perfectly concordant with an R 2 (square of Pearson correlation coefficiency, measuring similarity in gene expression level) correlation of 0.8249 in a scatterplot (Fig. 4) .
Sequencing and analysis of the homology of differential expressed cDNA clones.
A total of 400 clones (250 upregulated from the forward library and 150 down-regulated from the reverse library) were screened and subjected to nucleotide sequence analysis. The sequence data, obtained by analyzing the homology with reference to the public database, was highlighted. As shown, 26 and 19 unique sequences were acquired as known genes in the forward and reverse libraries, ONCOLOGY REPORTS 18: 943-951, 2007 Table II. Sequence analysis of clones isolated from the reverse subtracted library non-HCC cDNA. Table III . Known genes with official names differentially expressed in HCC classified according to their biological functions from literature sources. 
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Biotransformation ? LOC644587
↓ Gene with unknown function ZBTB11
Genes in bold indicated as up-regulated in HCC.
respectively (Tables I and II) . Additionally, 7 expression sequence tags without significant homology to genes within the database were repeatedly isolated. Genes associated with the metabolism of lipids and proteins, cell proliferation, apoptosis, signal pathway and angiogenesis were found deregulated in hepatocarcinogenesis. Increased expression was observed in genes involved in the process of transcription, protein biosynthesis and antiapoptosis. Cell proliferation was also observed, for example in several ribosomal protein genes (HSPA8, Syndecan-2, and Annexin A2). The enzymes found increased, such as the gene involved in the formation of prostaglandin E(2), known as PLA2G10, and the glutathione-binding protein involved in the detoxification of methylglyoxal known as Glyoxalase I, were up-regulated in HCC. Most of the underexpressed genes were responsible for liver-synthesized functional proteins such as fibrinogen, complement species, amyloid, albumin, haptoglobin, hemopexin and orosomucoid. Enzyme activity implicated in biotransformation, such as LOC644587 (a cytochromes P450 family member), was decreased. Genes coding enzymes such as ADH1C, ALDH6A1, ALDOB, ARG1 and CES1 were discovered as well. A zinc transporter (Zip14) and a function-unknown gene named ZBTB11 were downregulated in HCC. The functional categories of the differential expressional genes are shown in Table III .
Validation of differential expression of genes by real-time RT-PCR.
Differential expression of genes detected through SSH analysis was confirmed in original HCC and non-HCC tissues by real-time RT-PCR, as shown in Fig. 3 . Annexin II, AFP and RPS24 were from the forward library, while SAA1, albumin and alcohol dehydrogenase were from the reverse library. The primer sequences for each gene are listed in Table IV . The quality and specificity of the amplified products was confirmed by visualization on a 2% agarose gel. The results confirmed the validity of SSH combined with a cDNA chip. N AFP = 2 6.27 
Discussion
Out of the 26 known genes found to be up-regulated in HCC, 11 (RPL8, L14, L41, S5, S17, S24, PABPC1, POLR2K, SRP9, HNRPDL and SNRPA) had an increased involvement in the process of transcription and protein bio-synthesis, which reflects the eugenic growth state of tumor cells. Of these 11 genes, only the overexpression of RPS17 has been reported in HCC (14) . The remaining ten had not previously been found up-regulated in HCC, although they might have been detected as increased expression in other cancer cases (15, 16) .
AFP was the gene with the highest expression ratio of cancer/non-cancer obtained by the cDNA microarray, while AHSG was the most frequent clone present. The expression ratio of HCC/non-HCC of AFP was 16.34, while the serum level of AFP taken from the index case was also reported as high (1000 μg/l). AHSG, a major serum glycoprotein secreted by the liver, was shown to contribute to the early stages of skin tumorigenesis. The absence of AHSG reduced the number of tumors and the tumor burden in AHSG null animals (as compared to wild-type) (17) . Additionally, AHSG has been identified and demonstrated to be higher in patients with lowgrade glicomas as compared to those in the control group (18) .
Several up-regulated genes (FADS1, ApoA-II, ApoM, FTL and PLA2G10) participate in the metabolism of lipids and proteins. PLA2G10 has the most powerful potency in the release of arachidonic acid, leading to COX-2-dependent prostaglandin E(2) formation during colon tumorigenesis (19) . Recent research reported that COX-2 itself is directly involved in the proliferation of human HCC cells (20) . COX-2 is also involved in the control of HCC-associated angiogenesis (21) .
Other up-regulated genes identified, which appear to participate in diverse processes such as apoptosis and proliferation functions, include HSPA8, Glyoxalase I, Annexin A2, and Syndecan-2. HSPs are inducible in response to various stressful conditions, including carcinogenesis (22, 23) . During the development of HCC, the processes of chronic inflammation and fibrosis act as stressful conditions. Several studies have found that HSPA8 overexpression in malignant tumors protects cells (with protein aggregates) from apoptosis (24) (25) (26) . Glyoxalase I is a glutathione-binding protein involved in the detoxification of methylglyoxal, Table IV . Primer sequences.
whose experimental overexpression confers resistance to drug-induced apoptosis in human leukemia and lung carcinoma cells (27) . Annexin A2 is a Ca 2+ -dependent RNAbinding protein which interacts with the mRNA of the nuclear oncogene c-myc (28) . It is also reported to be a powerful activator of plasminogen and is implicated in normal and pathological processes such as haemostasis and metastasis (29) . Furthermore, research in human glicomas shows that Annexin A2 interacts with the actin cytoskeleton, suggesting that it could have a direct link with invasion-associated processes in human gliomas (30) . The overexpression of Annexin A2 in HCC and intrahepatic cholangiocarcinoma has been previously reported (31, 32) . Members of the syndecan family and heparan sulfate proteoglycans can be said to play diverse roles in cell adhesion and cell communication by serving as co-receptors for both cell-signaling and extracellular matrix molecules. Syndecan-2 has been implicated in the formation of specialized membrane domains and functions as a direct link between the extra-cellular environment and the organization of the cortical cytoplasm. Recent studies have also shown that Syndecan-2 is required for angiogenesis, possibly by serving as a co-receptor for the vascular endothelial growth factor (33) .
In addition, it was discovered that two genes in particular (LRRC 28 and FMR1), which are believed to be involved in signal transduction, have increased expression in HCC. All proteins containing leucine-rich repeat (LRR, a characterized structural motif used in molecular recognition processes) are thought to be involved in protein-protein interactions, with functions as diverse as signal transduction, cell adhesion, cell development, DNA repair and RNA processing (34, 35) . For example, the LRR of adenylatecyclase, contributing to its interactions with Ras, participates in the regulation of the signal transduction pathway of the p21Ras family of GTPases (36) . In the present study, the overexpression of LRRC28 in HCC was detected for the first time. FMRP, a product of FMR1, plays a role in the regulation of cAMP signal transduction by increasing intracellular cAMP, perhaps through a mechanism involving the binding and enhanced translation of mRNAs for cAMP cascade proteins (37) .
The down-regulated genes in HCC were screened when the cut-off intensity of HCC/non-HCC was set at 0.5. The majority of the underexpressed genes encoded hepatocytespecific gene products (such as fibrinogen, complement species, amyloid, albumin, haptoglobin, hemopexin and orosomucoid). Down-regulation of these genes may reflect the poor differentiation of hepatocytes and the loss of the liver's biological functions in HCC tissues.
Among the down-regulated genes found, five gene-coding enzymes discovered were ADH1C, ALDH6A1, ALDOB, ARG1 and CES1. Most of these had been reported to be associated with tumors. Ethanol is metabolized to acetaldehyde by ADH, while the enzyme responsible for the oxidation of acetaldehyde is ALDH. However, acetaldehyde has previously been considered a carcinogen (38) . Research indicates that the growth of cancer cells is dependent on arginine, which is needed for pathways other than protein synthesis. The irreversible conversion of arginine into ornithine by intracellular arginase causes a progressive depletion of arginine from the culture medium, which ultimately inhibits cell protein synthesis and halts growth (39) . Decreased expression of arginase 1 in HCC tissues has been reported (40) . Cytochromes P450 are key enzymes in cancer formation and treatment. They mediate the metabolic activation of numerous precarcinogens and participate in the inactivation and activation of anticancer drugs (41) . LOC644587 was among underexpressed genes in the HCC tested here.
We also isolated a function-unknown gene named ZBTB11 underexpressed in HCC. Zinc fingers (ZnFs) are generally regarded as DNA-binding motifs. The broad-complex, tramtrack (ttk), bric-a-brac/poxvirus and zinc finger proteins (BTB/POZ) domain is highly conserved in a large family of eukaryotic proteins and is crucial for the latter's diverse roles in mediating interactions among the proteins involved in transcription regulation and chromatin structures. From a fetal brain cDNA library, Chen et al isolated a cDNA of 2489 bp encoding a novel human BTB domain-containing protein named BTBD10. The cDNA microarray analysis showed that BTBD10 was down-regulated in all 18 glicoma samples. The expression of BTBD10 in hepatocellular carcinoma was also investigated, with the results revealing no significant differences (42) .
In this study, instead of randomly picking clones from the SSH library to sequence, we chose which ones to sequence according to the values of the expression ratio of HCC/non-HCC obtained from the cDNA microarrays. During the preparation of the cDNA chips, we had quality controls at each step to ensure the reliability of the data obtained. The accuracy of repetition between the two chips was indicative of the quality of the processes. Meanwhile, the results from realtime PCR experiments (with representatives from the upregulated and down-regulated groups) supported the results of our microarray analysis. These sets of data provide useful information, and are potentially crucial to finding the candidate genes responsible for the development of HCC. Further related work is required to conclusively establish the role of genes in HCC.
